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Tfie infrared and u l t rav io le t  spectra Were consis ter t  wi+h structure 11. 

U t r a v i o l e t  spectrum was tha t  D f  an ortho-disubstituted benzexie, aid ~e infrared 
showed absoqt ion bands character is t ic  of anhydride and ork&+dkubsti tuted ceozene 
groups. 

a e  

Under the conditions em$oyed, 3nly one benzene r a m  was Lydmgenated. Die 
failure of the second benzene ring t o  mdergo hydrogenation can be  expiabed 5y s t e r i c  
e f fec ts  as follows. The molecule of adduct I, which contains a zso-dihydmanZi?r%ene 
skeleton, is mn-planar. It has been shown tbat 9,1C-d*-&%ullyLzc--acvle is 5a:7; ajcu-, 
Lie i k e  j o j = a  carbon at- 3 and 10, each half  sf Cie sziecuie  c e k g  g l a m x  ju7 
tile two halves inclined t o  each oAher at an angle 3f zgpmrThatslJ iAjo.3~7 ASS& 
t a a t  addition of hydrzgen to the benzene r1in.g~ re tyizes  a rlaz;Pi,ee zdsoq~',on sf 7Ee 
llnsaturatod ring against tne ca ta ly t ic  surface, i% is l ike ly  tkat $de t o  LIE? :sen; 
configgat ion of adduct I and t o  +&e hindering e f fec t  of -&e b a j  --&Lie gxcg, 
oniy me of +he benzene rings can be hydrogenated.8 
aoiecular model of the adduct (I) c m f i r m S  'htse expectaiims. 

d p e c t i m  3f +ke Gcafr2y 

".e :?ydrogenared adduct 11, m.2. 1$3-165O C,  Bas B z i x c x e  ;i' s"u6-"eoisLaers, 
m d  nc a t t e q i t  48s made t o  separate tEen a d  riete-e Tdeiz cs?;Sir&-ation. 
derivaxives sf b z e r p s t  as  poten t ia l  g las t ic izers  ar pesticides, s ~ s i  zs -%e d i t szers  
( I I i -e ,  5 ,  c, 6 )  azld &?,e 8-subszltuted b i d e  (IV) , 'Rere sr?r,az?1 3:- i Z z r d C d  ?rzceiuzes 
from Ii. 

Sever-? 

Toe foregoing r e su i t s  show that ia *Le presence sr' a ,u;-,he&a :ara&-st, a 
select ive h p a s g s a t i c n  Jccurred, result- in rtne reductior: :i 5% c a z a t i c  r-bg 3ut 
not at'fecting the succL?ic W d r i d e  gmrip 31 'de adduct ( Z ) .  
grcug is  attacked -:?hen a mbstituted. .succinio a ~ Q ~ d r i d e ~ 9  IC L i  lii-irscpsxa:ei LT 2 9  
presence of paliadium o r  piatinum catalyst ,  the g o d x c t s  octainea 52% 2yL-o-q-- 
lactaries, iactones, & +sleA&yl acids. The reduct ipl  cf aCduc2 I -h -Le aresencc? sf 
3meg nickel a; 1600 C was also non-selective, 3 r v r i d k g  a  we rf ~ z ~ c ~ s ~ c s .  
iOere I, 2 ,3 ,  &,@,3,9a,lO-cct&j-Lz-3, 1 C - e ~ ~ ~ c ~ ~ ~ n ~ t - ~ - ~ e ~ ~ ~ l ~ 1 - ~ 2 - c ~ . ~ c ~ i ~ c  acid 
Izctcne ( T I ) ,  srccced 5y azt at'ack m +he .--matic r iq ami -ha mhy5ride gnu?; 
s -oc ;wdmmthracae  (VI) ; and succir ic  a g c i r i d e  ( V i I ) .  

Z n  ccctrast ,  %?e e - c k i i d a  

?me 

?mducts 71 and 71i COU kave been fcmed e i ~ e r  by i~jdxzqenolys' ar 
therael  deccmpositiw of the adduct (I) followed 3y hydrogenation 3f tke hteraediazes .  

\ 

I 
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3 A a n e y  

Nickel 
b 

150-160O C 

'I  

+ 

71 711 

The lactone (V), m.p. 125-45O C, was a mixture of stereoisomers. 
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Ln contrasr. t c  I, *he kydrogenation of ll-!~1etiyioi-9,1O-d~drs-3, iO-e&&ano- 
antrracene ( V I I I )  h the presence of ruthe-nium catalyst  proceeds C u t t e r  T L : ~  s c x  
reduction of *wtE aroziatic rings, afford- a mixture of Il-metnj-lol-9,iG-et?~o- 
1,2,3, L, ~ a , 9 , 9 a ,  X-octahydr3as,n.;i;-acene (ZX) and i l - m e t r ~ y l c l - 9 , 1 0 - - ~ ~ n 2 ~ 1 o p 2 r ~ . ; ~ ~ o ~ - ~ a -  
cene (X) in a variacle r a t i o  depecdhg upcn Lie reaction t ine.  

?,per-hental 

1,2,3.4,qa,9,9a,lG-Cctaigdroantr~acene-$, lS-a,b-succinic Arkydriae (I:) 

A m k u e  of 33 g. of 9 , lG-d~ydro~~hracece-9 ,1C-endc , -c r ,3-3~c~i -~c  anLgdrida . .  (I) ( ~ p .  261-202O C) ,  250 id. sf dioxane, and 6.0 g. sf 5% r - * - ~ - ~  - ,-AL--LL-c?--z2-i?2 
catalyst  vas placed in an "Amincc" autoclave, and hydrogen nas a&Ltt& "p 7 3  175C 
p.s.i. 
absorption of hydrogen ceased. 
3 molos cf hydrogen per mole of I. 
t ion  and vrasned '9th acetone. 
ssivents were rerio-qed by d i s t i l l a t i on ,  f i r s t  a t  atncsgneric ~ r e s ~ v e ,  xhec m 5 e ~  
vacuum 
(84:) of 1,2,3, ~,~a,9,9a,l0-octa;?~droantmacene-9,1C-a,~-succ~c aiiij.5rL5e (II), 
m.p. 14j-1650 C. X sample of t i e  ant-ydri",, c r y s t ~ L i i z e 5  f r z  s h y 1  w ~ s s : e - > e : r K e ~ ~  
ether, melted a t  175-177O C .  Infrared absorption maxima: 5.45,  5 , 7 G ,  x c  13.0 &. 
Ultraviolet absorption spectrum in methylene chloride: 2.47 !rq ( B 2.42) , 253 (270), 
260 (297), 263 (216), and 267 (230). 

The vessel was shaken and heated fo r  16 hcurs a t  1:5-1L3O C, d x z r  xhkh  f t 2  
The amcut If hydngen acscrbed ccrrespsr?cec? ZU" 25,cit 

A f t e r  cooling, the ca ta lys t  ivas remved E;- f i l m +  
The f i l t r a t e  and +&-e wasilhg sere  ccizkined, m.d :he 

The solid residue, a f t e r  washiog 'dth petroleum ether ( 3@-6C0 C )  , gzT;e 71 ? '  = 

Anal. Calcd. fo r  Cl&irsO,: C ,  76.57; H, 6.43; Ibiecular Weight, 262.3.. 
Found: C, 76.67; 2, 6.57; b l e c u l a r  Weigiiz ( U d i n e  

Ti t ra t ion) ,  283.3; 

In order t o  determine i ts  heat s t a b i l i t y ,  I1 was heated for 6 hours in air 
t o  23C-,Z400 C. A s l igh t  discoloration, but no degradation, occurred. 

In a second experiment, a modified procedure was enploged f o r  7Urif;ring the 
crude hydrogenation product, 
solvent, t i e  s o l i d  residue was heated with 5% sodium hydroxide for 5 minutes on a 
s t e m  oath. 
the aqueous layer was acidified w i t h  15% hydrochloric acid. 
a f t e r  washing wia water and drying, gave the adduct (11) in a yie ld  of 85% 

Dhethyi I, 2,3,4, ha, 9,9a.~O-0ctahydroanthracene-9,1O-a,~-succinate (m-a) 

After sepazation from the ca ta lys t  'and m o v e l  of the 

After cooling and w a s h i n g  w i t h  e ther  t o  remove the non-acidic products, 
The precipitated solid,  

Seventeen g r a m  of 1, 2,3,4,~a,9,9a,l0-octahydroanthracenne-9,10-a,~-succinic 
anhydride (11) and 200 ml. of methyl alcohol saturated at 5O C w i t h  anhydrous 'hydrogen 
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chloride were heated under reflux f o r  6 hours. 
was f i l t e red ,  washed .Kith xater,  and dried t o  f l e a  15.2 g. (77%) of 111-a, m.p. 122- 
1450 C, wh ich  crystall ized from hexane-ethyl acetzte (lO:l), mp. L$5-147° C. 

Bf te r  cooling, the  precipitated d ies te r  

anal. Salcd.  f 3 r  C2032~04: C,  73.Y; H, 7.37. 
Found: C,  73-49; 2, 7.53. 

Dibutyl 1,2,3,4,~,9,9a,10-0cttiiU.droanthracene-9,l~,~-succinate (111-b) 

I 
4 

1 
A mixture of I, 2,3 ,~,4a,9,9a,10-octahydrohydroanthracene-9,lO-a,~-~ccbic 

aahydride (17 g ,) and n-butyl alcohol saturated w i t h  anhydrous kydmgel? :;-loride (50 ml.) 
a t  50 C in benzene (SO ml.) w a s  heated under reflux for  5 hour-s. %e cooled saluCon 
w s  diluted ~ t h  ether and mashed with 5% sodium hydroxide, Ycen wi-21 s2:tbz. 
removal o f  the solvents. the residue w a s  dis t i l l ec!  t o  y ie ld  2 l  g. (85% af ihe dibutjL 

After 

es te r ,  b.p. 220-2250 c (1.3 ZUB. 1, nD2' 1.5710. 

Anal. Calcd. f o r  Ca&s04: Cy 75.69; 3, 8.30. 
Found: C, 75.13; 5, 5.62. 

%e procedure for  the preparation of other d ies te rs  xas as folims: X zk- 
t u re  =f  1,2, ? , 4 , q a , 9 , 9 a , i O - o c t ~ ~ a a t h r a c e - 9 , 1 0 ~ , a - s u c c ~ c  slm;rct-ide (0.1 a.), 
dlcchoi (0.4 i n , ) ,  toluene (75 d.), and p-toluenesulfonic acid (0.5 8 . )  s a s  neated a+, 
reflux u n t i l  the theore t ica l  an0un-c sf the water was collected 31 <?e trap. 
solution w a s  washed ;Via 5% sodium hydroxide, then with water, and, after remcvai sf 
the solvent, the residue w a s  d i s t i l l ed .  

DidLlyl 1,2,3,4,4a, 9 , 9 a , 1 0 ~ c t a h g d m a a c ~ ~ 9 , ~ 0 ~ , 0 - ~ c c ~ a ~ e  (XI-c) 

%e x - l e d  

b.p. 201-203° c (0.5 m.), nD2' 1.5420, 725 >tieid. 

Anal. Calcd. fo r  c2&&: C y  75.76; 3, 7.42. 
Found: C ,  75.36; H, 7.62. 

Di-(n*ctyl)-1,2, 3 , 4 , 4 a , 9 , 9 a , l G - o c t ~ ~ a n t ~ a c e 9 , 1 0 . 0 , & s u c c ~ ~ e  (111-a) 

b.p. U 5 - U '  C (0.4 mm.), q,2s 1.5025, 88% yield. 

xnal. Cdcd.  fcr C3&i52O4: C,  77.82; H, 9.99. 
Found: C,  77.67; 8, 10.01. 

N-( 2-Et~Ii1exjrl)-l, 2,3,4,4a, 9,%, lG-octahydroan~acene-9,lO-a,~succ~bicicie ( 77) 

To 28.2 g. (0.1 n.) of 11 was aeded l?.S g. (0.1CS m.) 3f 2-e th7Liexy lde ,  
and the reaction mixture vas bested vi+& stirring t o  lCOo C and t h e n  set aside for  2 
hours. It was then heated a t  16G-17C0 C f c r  an zdditional. 2 hours. After rem-ral 
of mater by distiilatisa, t h e  res idaa vas vac-um d i s t i l l e d  to  give 29.9 g. (76%) of 
the imide ( I V ) ,  b.p. 190-232O C (2.6 ZL). Cn cooiing, the d i s t i l l a t e  crystall ized tJ 
give a product melti-ng a t  58-66O C .  
( 30-60° C )  melted a t  72-74O C. 

A smple  recFjstall ized from getroleum, ether 

Anal. Calcd. fo r  C2&,5!j02: C, ??.?L; 3, 8.96; !I, 3.56. 
?3,?md: 2 ,  79.26; 2, 9.08; X, 3.30. 

Iiydmgenation of 9 , 1 0 - D ~ d r o ~ t ~ ~ s c e 1 l e - 9 , i C ~ ,  J-s~c~L?,? lc  . m d r i d e  in 'he h.eser?ce 
of ,%ey Nickel 

An "Aminco'! bomb m a s  charged %iith 27.6 g. 3f *.e title adduct (I) , 250 nl. 
of ethyl alcohol, and 10 ml. of  Raney nickel ca ta lys t ,  and 5yd.mgen ivas admizted 
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under 1330 p.s.i. a t  25O C .  
The amount of hydrogen absorbed corresponded t o  about 13.5 moles of hydrogen per aole 
of  '&e s ta r t ing  adduct. M t e r  cooling, the solution of the hydrogenated prsduct ? r ~  
separated from the ca ta lys t  by f i l t r a t ion ,  a d  the catalyst  w5.s wastied with ether. 
The f i l t r a t e s  yere comoined a d  the solvents removed, first a t  atmospheric pressue ,  
'hen under, vacuum. The residue, composed of an . a i l  and a solid, gas treated with 
e'thyl alcohal. The solid, i n sohb le  in alcohol, was separated by f i l t r a t i o n  t o  give 
4.8 g.  of s-octahydroanthracene. The f i l t r a t e ,  a f t e r  reaoval of the sciverit by 
d i s t i l l a t i on ,  gave 20 g. of an a i l .  

"he jomb w a s  shaken and h e a t e i  at 160° C for 20 hours. 

- In order t o  separate acidic products from ma-acidic, L-e a i l  (la g . )  was 
heated 3n a steam Satn r i th  120 ml. of 10% sodiun hydroxidt solution fsr 2 horns, and, 
a f t e r  cooling, ether xas extracted. The non-acidic prsduct, a f t e r  e l h i n a t i z n  of 
ether, gave an additional 5.6 g. of s-sctalr.ydroant-hracene. '?he t o i d  cf s-cctdiydra- 
anthracene ,isolated f r o m  the reaction nixtue mounted t o  10.4 g . ,  or  56%. Tn? a i h l i n e  
solution was acidified w i t h  concentrated HC1,  and the preci,itate4 so l id  8as ser,za%ed 
by f i l t r a t i o n .  'Lie aqueous f i l t r a t e ,  a f te r  ether extracticn and r enwa l  of the sslvent, 
afforded O:i, g. 3f succinic acid. 'he precipitated so l id  ( 6 . C  g.) 7fzs cqs:d.llized 
several tines from ethyl acetate t a  yield i, 2 , 7 , 4 , 4 a , 9 , 9 a , l 0 - c c t ~ ~ y ~ ~ - 3 , l 0 - e t l - . ~ ~ O -  
anthracene-li-me~lo1-12-carboxylic acid lactone, n. p .  125-li5O C. Inkazed  a'csorp- 

- t i s n  naxima: 5.7 (lactone) and 13.0 (ortho-disubstituted 5enzeT.e ring). 

A n a l .  Calcd. for Cl&002: C,  SG.56; 3, 7.51. 
Fcund: C, 79.74; 8, 7.67. 

i-fydrogenation of Il-Methylol-9,lO-d~.ydm-3,lG-ethanoantL-zcene ('7111) 

A mixture of 54 g . (0.228 m. ) of 11-metiiylsl-9, l C - i 2 y C x - ~ G l  1C-s-,Aamr1t!r-s-  
cece (m.p. 1G5-lCSo C )  (VIII),ll 250 i n l .  of e+S.yl j icshc,l, ~,li L;: 5 .  :I 55 y;:?-x.L*z- 
m-almina catalyst  xas placed b an autoclave, and hydrogen was I-LTLrIed :i? :o 1622 
2.s.i. 
absorption of hydrogen ceased. 
3.3 noles of Yjidmgen per mole of adduct. 
the residue 78s d i s t i l l ed  t o  y ie ld  46 g. (0^4$) 3f a colorless a i l ,  3.s. lSO-i7So C 
(0.6 m.) , 
9,9a, 10-octahydroanthracene and 11-methjlol-9 , iO-eLianoperhydmantrzacene i n  an approxi- 
mete r a t i o  G f  3 to  i. , .  

'he vessel ras shaken and heated f o r  6. r.surs e t  l j O o  C ,  a Z e z  -rtich ::?e 
Tiie man% --- 4~ kydrog=a s'ssorced corres?c.?ded I s  about 

After r smvz l  SL' t he  ca?alyst and sciverit, 

1. j@o, consisting of a mixture of Il-met:hylol-?, lC-e;hm,?c-l, 2,3,4, La,,: 

Anal. Calcd. f o r  3(C1+i220) + Cl7H2aO: C ,  33.59; 2 ,  9.75; !k;!=lscu2ir 
Weight, 244. 

Weight, 2LB. 
Found: C,  83.87; 3 ,  22.20; ?2ciecular 

(From determination of the hydroxyl content by acetylation Eethsd.) 

Upon cooling, the o i l  pa r t i a l ly  so l id i f ied .  The separated so l id ,  ;i-aethy131-3,;0- 
ethanoperhydroanthracene, crys ta l l ized  from hexane, melred a t  102-1CL0 C .  Zie infra- 
red and u l t rav io le t  spectra of  the so l id  product showed ccmplete disapearance zf the 
aromatic ring. 

Anal. Calcd. for C17H2B0: C, 32.80; HI 11.36. 
Found: C,  3 2 . n ;  HI  11.59. 

A thermal s t a b i l i t y  t e s t  of the hydrogenated adducts IX arid M + X mas con- 
Samples of the products were heated separately in air f3r  4 hours ducted as  follows: 

a t  235-&0° C. 
oxidation t o  the  aldehydes occurred (Fnfrared, 5.85 IA). 

carbon skeleton of the products was observed. 

ca ta lys t ,  a fresh port ion of the ca ta lys t  (4.0 8 . )  was added, and t h e  mixture was 

The products became colored, and according t o  Fnfrared spec t ra , -psr t ia l  
Eiowever, no change in t h e  

In a similar hydrogenation run, the  crude product was separated from the 
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hydrogenated further at 160° c for an additional 17 hours. 
tained approximately - of u[ and 70% of X. 

The reaction mixture con- 
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